A novel, Gram-stain-negative, aerobic, rod-shaped, non-motile and moderately halophilic bacterium, designated strain BJGMM-B45
The family Halomonadaceae of the class Gammaproteobacteria comprises, at the time of writing, 10 genera: Aidingimonas (Wang et al., 2009) , Carnimonas (Garriga et al., 1998) , Chromohalobacter (Ventosa et al., 1989) , Cobetia (Arahal et al., 2002a) , Halomonas (Vreeland et al., 1980; Dobson & Franzmann, 1996) , Halotalea (Ntougias et al., 2007) , Kushneria (Sánchez-Porro et al., 2009) , Modicisalibacter (Ben Ali Gam et al., 2007) , Salinicola (Anan'ina et al., 2007) and Zymobacter (Okamoto et al., 1993) . The genus Halomonas is the largest in the family Halomonadaceae. At the time of writing, the genus Halomonas includes more than 80 species with validly published names (http://www.bacterio.cict.fr/h/halomonas. html). Halomonas species are described as halotolerant or halophilic, Gram-negative, aerobic and rod-shaped bacteria (Holt et al., 2000; Dobson & Franzmann, 1996) . Most of these species have been isolated from various saline habitats (Ventosa et al., 1998; Arahal et al., 2002b; Mata et al., 2002) . In this study, we report the isolation and characterization of a novel, moderately halophilic bacterium, designated strain BJGMM-B45 T , which was isolated from a saline-alkali soil sample collected from Yellow River (Huanghe) Delta National Reserve Area (37 u 359-38 u 129 N 118 u 339-119 u 209 E) in Dongying City, Shandong Province, China.
To isolate halophilic bacteria, a soil sample of approximately 1.0 g was cultivated in 0.9 % physiological saline solution at 30 u C with shaking at 200 r.p.m. for 24 h and then isolated using the 10-fold dilution-plating technique on Luria-Bertani (LB) agar medium with different NaCl concentrations (containing NaCl as indicated, 5 g yeast extract, 10 g tryptone and 15 g agar per litre deionized water, pH 7.0). After 48 h of incubation at 30 u C, a number of colonies had developed on LB agar medium with 10 % NaCl. After preliminary 16S rRNA gene sequence analysis, one of the cream-coloured colonies was selected and purified by repeated streaking. Cultures were stored at 280 u C in growth medium supplemented with 15 % glycerol. Unless specified otherwise, morphology and physiological studies were performed with cells grown on LB agar medium with 10 % NaCl at 30 u C and pH 7.0. Cell morphology was observed by light microscopy (Leica DM RAR) and scanning electron microscopy (Hitachi S-3400N). Gram staining was carried out by using a modification of the method described by Cowan et al. (2003) . Cells negatively stained with 1.0 % (w/v) phosphotungstic acid were used for the detection of the presence of flagella using a transmission electron microscope (JEOL 2100 TEM). Growth was tested on LB agar medium with different NaCl concentrations (0.5, 1, 2, 4, 5, 7, 10, 12, 15, 20, 25 and 30 %, w/v) at 30 u C and pH 7.0. Growth at 4, 10, 18, 25, 30, 37, 40, 45, 50 and 55 u C (at pH 7.0) and at pH 5.0-12.0 (at intervals of 1.0 pH unit) (at 30 u C) was also determined. The medium used to determine the pH range was a LB medium with 10 % NaCl and 10 ml trace elements solution (per litre LB (Kaye et al., 2004) . NaCl and trace elements solution were added to the medium after autoclaving via filtersterilization. The pH of the medium was adjusted from 5.0 to 13.0 by adding MES (pH 5.0-6.0, 25 mM), PIPES (pH 7.0, 25 mM), Tricine (pH 8.0-9.0, 25 mM) and NaOH (pH 10.0-13.0, 1 M). The experiments were carried out in triplicate.
Tests for hydrolysis of casein, DNA, starch, Tween 20, Tween 80 and tyrosine and production of H 2 S were carried out as described by Mata et al. (2002) . Catalase activity was determined by assessing bubble production with 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetra-methyl-p-phenylenediamine. Urease, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and arginine dihydrolase activity, indole production, citrate test, Voges-Proskauer test and gelatin hydrolysis were determined using the API 20E system (bioMérieux). Nitrate reduction and aesculin hydrolysis were examined using the API 20NE system (bioMérieux). Other enzyme characteristics were assessed using the API ZYM system (bioMérieux). Acid production tests were performed using API 50CH bacterial identification kits (bioMérieux). The utilization of various substrates as single carbon sources was examined using the GN2 MicroPlate system (Biolog). Sample preparation was performed according to the manufacturer's recommendations. The results were assessed after 96 h incubation and the data were analysed using MICROLOG version 3 software (Biolog). Antibiotic sensitivity tests were performed as recommended by CLSI (2011) on LB agar medium at 30 u C with discs (Sanofi Pasteur) containing the following antibiotics: ceftazidime (30 mg), chloramphenicol (30 mg), gentamicin (10 mg), kanamycin (30 mg), nitrofurantoin (300 mg) and norfloxacin (30 mg). LB agar medium without antibiotics was used as a control. The experiments were carried out in triplicate.
Respiratory ubiquinones were analysed by reversed-phase HPLC, as described by Komagata & Suzuki (1987) . For the analysis of cellular fatty acids, strain BJGMM-B45 T and Halomonas cupida CGMCC 1.2312
T were cultured on LB agar medium with 10 % NaCl at 30 u C for 48 h. The fatty acid methyl esters were prepared according to Kämpfer & Kroppenstedt (1996) using the classical method of the Sherlock Microbial Identification System version 6.1 (MIDI) and analysed by GC (6890; Hewlett Packard) using the Microbial Identification Standard MIS Database TSBA6 (Sherlock; MIDI) (Sasser, 1990) .
Genomic DNA from strain BJGMM-B45
T was extracted and purified by using the TIANamp bacteria DNA kit (Tiangen Biotech). The 16S rRNA gene was amplified with universal bacterial primers F27 (59-AGAGTTTGATCATG-GCTCAG-39) and R1492 (59-TACGGTTACCTTGTTACG-ACTT-39) (Weisburg et al., 1991) . The 16S rRNA gene sequence was compared with reference sequences available in the EzTaxon-e database (http://eztaxon-e.ezbiocloud. net/) (Kim et al., 2012) . Sequence data were aligned with CLUSTAL X version 1.8 (Thompson et al., 1997) . Phylogenetic trees were reconstructed according to the neighbour-joining method (Saitou & Nei, 1987) within the software package MEGA version 4.1 (Tamura et al., 2007) . Evolutionary distances were calculated according to the algorithm of Kimura's two-parameter model (Kimura, 1980) . Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by means of 1000 resamplings (Felsenstein, 1985) . The genomic DNA G+C content was determined with the thermal denaturation (T m ) method (Marmur & Doty, 1962) with Escherichia coli K-12 DNA as calibration standard.
Cells of strain BJGMM-B45
T were aerobic, Gram-stainnegative, non-motile, rod-shaped, 1.2-2.5 mm long and 0.7-0.8 mm wide. On the surface of LB agar medium with 10 % NaCl, colonies were 0.5-1 mm in diameter, creamcoloured, circular with entire edges, smooth and opaque after being cultured at 30 u C for 48 h. Strain BJGMM-B45 T was able to grow at 10-45 u C (optimum, 30 u C) and pH 5.0-12.0 (optimum, pH 7.0) on LB agar medium with 1-20 % (w/v) NaCl (optimum, 7-10 %). The isolate was positive for catalase, nitrate reduction, and hydrolysis of aesculin and casein. Other detailed physiological and biochemical characteristics of strain BJGMM-B45
T are presented in Table 1 and the species description.
The predominant ubiquinone of strain BJGMM-B45
T was ubiquinone-9 (Q-9), which was in line with all other members of the genus Halomonas. The major cellular fatty acids (.5 %) were C 18 : 1 v7c (32.4%), C 16 : 0 (24.6 %), C 19 : 0 cyclo v8c (12.6 %), summed feature 3 (11.1 %), C 12 : 0 3-OH (7.8 %) and C 12 : 0 (5.2 %). The cellular fatty acid profiles of strain BJGMM-B45
T and the type strains of other Halomonas species are presented in T with a high bootstrap resampling value (99 % by the neighbour-joining method) (Fig. 1) . To establish the precise taxonomic position of strain BJGMM-B45 T , DNA-DNA hybridization was performed by using the thermal denaturation and renaturation method described by De Ley et al. (1970) as modified by Huß et al. (1983) . Levels of DNA-DNA relatedness between strain BJGMM-B45
T and Halomonas cupida CGMCC 1.2312 T and Halomonas denitrificans DSM 18045 T were 57.0 and 58.9 %, respectively. Based on the criteria accepted currently for delineating bacterial species, strains with ,70 % DNA-DNA relatedness are considered to belong to different species (Stackebrandt & Goebel, 1994) . The low DNA-DNA relatedness observed between strain BJGMM-B45 T and its closest relatives indicated that the isolate was distinct from other members of the genus Halomonas.
The results of chemotaxonomic studies and phylogenetic analysis supported the view that strain BJGMM-B45 T should be assigned to the genus Halomonas. In addition, flagellar arrangement, motility and the ability to produce acids from adonitol, arabinose, lactose, maltose, mannitol and myo-inositol, as well as the capacity for starch hydrolysis, differentiated the novel isolate markedly from phylogenetically closely related Halomonas species (Table  1) . Strain BJGMM-B45 T could also be distinguished from its closest phylogenetic neighbour Halomonas cupida by their discriminative fatty acid profiles, in which a large amount of C 19 : 0 cyclo v8c was present in the fatty acid pool of strain BJGMM-B45 T , whereas this fatty acid represented only 2.2 % of the total in Halomonas cupida CGMCC 1.2312 T . By contrast, the amount of summed feature 3 in the type strain of Halomonas cupida was much greater than that in strain BJGMM-B45 T (Table 2) . Together with DNA-DNA hybridization data, the results of the polyphasic taxonomic study presented here allowed us to assign strain BJGMM-B45
T as a representative of a novel species of the genus Halomonas, for which the name Halomonas huangheensis sp. nov. is proposed (Arahal et al., 2007) .
Description of Halomonas huangheensis sp. nov.
Halomonas huangheensis (hu.ang.he.en9sis. N.L. fem. adj. huangheensis pertaining to Huanghe, China, where the type strain was isolated).
Cells are moderately halophilic, aerobic, Gram-stainnegative, non-motile, rod-shaped, approximately 0.7-0.8 mm wide and 1.2-2.5 mm long, occurring singly or in pairs. Colonies grown on LB agar medium with 10 % NaCl are cream-coloured, circular with regular edges, smooth, opaque and approximately 0.5-1 mm in diameter after 48 h at 30 u C. Temperature range for growth is 10-45 u C (optimum, 30 u C); no growth occurs at or above 50 u C. The pH range for growth is 5.0-12.0 (optimum, pH 7.0) and the NaCl concentration range for growth is 1-20 % (w/v) (optimum, 7-10 %). Positive for catalase, but negative for oxidase, urease, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and arginine dihydrolase. With the API ZYM system, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arlyamidase, valine arlyamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and a-mannosidase, but negative for lipase (C14), b-glucuronidase, N-acetylglucosaminidase and b-fucosidase. D-glucuronic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, p-hydroxyphenlyacetic acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, aketovaleric acid, DL-lactic acid, malonic acid, propionic acid, quinic acid, D-saccharic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic acid, glucuronamide, L-alaninamide, D-alanine, L-alanine, L-alanyl glycine, Lasparagine, L-aspartic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, hydroxy-L-proline, L-leucine, L-ornithine, L-phenylalanine, L-proline, L-pyroglutamic acid, D-serine, Lserine, L-threonine, DL-carnitine, c-aminobutyric acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, glycerol, DL-a-glycerol phosphate, a-D-glucose 1-phosphate and D-glucose 6-phosphate are not oxidized. Sensitive to ceftazidime (30 mg), chloramphenicol (30 mg) and nitrofurantoin (300 mg); resistant to gentamicin (10 mg), kanamycin (30 mg) and norfloxacin (30 mg). The predominant respiratory quinone is Q-9. The major cellular fatty acids (.5 %) are C 18 : 1 v7c, C 16 : 0 , C 19 : 0 cyclo v8c, summed feature 3, C 12 : 0 3-OH and C 12 : 0 .
The type strain, BJGMM-B45 T (5ACCC 05850 T 5KCTC 32409 T ), was isolated from a saline-alkali soil sample of Shandong Province, China. The DNA G+C content of the type strain is 57.5 mol%.
